A current hot topic in the study of plumage coloration refers to whether melanin-and carotenoid-based plumage traits differ in the factors which determine ornament expression. However, approaches and results are mixed and controversial. The present study aims to apply a cross-fostering experiment in the great tit (Parus major) to compare melanin-and carotenoid-based traits of both genetic and foster parents with those of their offspring after completing post-juvenile moult. The size of the melanin-based black tie area of yearling great tits was significantly correlated to that of their genetic father. Conversely, the chroma of the carotenoid-based yellow breast colouration of yearling offspring was positively correlated to the mid-parent value of the foster parents and to the value of each foster parent separately. Our results suggest that melanin-based traits are mainly influenced by genetic factors, while carotenoid-based colouration is environmentally dependent, supporting the view that different factors determine ornament expression of the two traits. Our results also emphasize the long-term parental effect of carotenoid-based plumage colouration.
Introduction
Studies of plumage colouration are becoming important to quantitative genetics and evolutionary and behavioural ecology (Hill & McGraw, 2006a,b) .
However, whereas we have achieved a good understanding of the causes and function of variation between individuals, causes of variation from one generation to the next are less understood (Badyaev, 2006) .
Carotenoids and melanins are the two main pigment molecules involved in pigmentary colouration in bird plumage. Red and yellow colouration are mainly produced by carotenoids, while melanins are normally responsible for black (eumelanins), and reddish and brown (pheomelanin) patches (Jawor & Breitwisch, 2003) . There is increasing evidence that the roles of these two pigments differ, conveying different kinds of information (Badyaev & Hill, 2000; Senar & Escobar, 2002; Jawor & Breitwisch, 2003; Senar et al., 2003; Quesada & Senar, 2007 , but see Griffith et al., 2006) . Birds cannot synthesise carotenoids; therefore, these must be ingested (Fox, 1976) . Carotenoids also play an important role as precursors of vitamins (Olson & Owens, 1998) , and in the neutralisation of potentially harmful secondary metabolites (Von Schantz et al., 1999) . Hence, it is widely recognised that carotenoid-based plumage colouration may confer information on the nutritional, parasitic and general body condition of the bearer (Hill, 1999) , and the parental abilities of the individual to provide food for the nestlings (Møller et al., 2000; Senar et al., 2002) .
Melanin ornaments seem to be under greater genetic control than carotenoids, they are synthesised de novo by animal organisms (Jawor & Breitwisch, 2003; McGraw, 2006) , and more commonly appear to play a role in intra-sexual competition, usually being related to dominance status and general aggression (Gray, 1996; Jawor & Breitwisch, 2003; Maynard Smith & Harper, 2003; Senar, 2006; Quesada & Senar, 2007) .
A current contentious issue is whether carotenoid-and melanin-based signals are differentially affected by environmental and genetic factors (Griffith et al., 2006) . Some authors support the view that carotenoid-based traits are environmentally determined (Senar et al., 2002; Jawor & Breitwisch, 2003; Johnsen et al., 2003; Hadfield et al., 2006; Hadfield & Owens, 2006) and melanin-based traits are mainly heritable (Roulin & Dijkstra, 2003; Roulin, 2004) , though other authors suggest that this is not the case (Griffith et al., 1999) . A recent meta-analysis additionally stresses the lack of data to support the alleged difference (Griffith et al., 2006) . Clarifying these differences between carotenoid-and melanin-based traits is important because the knowledge of which factors play a lead role in determining the expression of an
